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Improvements in or relating to Tubes for Steam Condensers. 



We, C alt/met & Heola, Inc., a corpora- 
tion organized under the laws of the State 
of Michigan, United Statea of America, having 
a place of business at 17200 Southfield Road, 
5 Allen ^ Park, Michigan, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 

10 in and by the following statement : — 

The present invention relates to tubes for 
steam condensers. 

In certain applications a prime considera- 
tion governing the construction of a steam 

15 condenser is the space occupied by the 
condenser. To provide the most efficient 
condenser in the smallest possible space it is 
essential to provide condensing tubes having 
an overall heat transfer coefficient as high as 

20 possible. Prom purely geometrical and prac- 
tical considerations it is found that the height 
and thickness of fins provided on the exterior 
surface of the water tubes should be limited, 
not to exceed J of an inch in height above 

25 the outside or fin root diameter of the tube, 
and not to exceed £ of an inch in mean 
thickness. 

In general, the provisions of fins at the 
outer surface of the tube increases the area 

30 for heat transfer between the steam and the 
water tube or its contents. However, the 
selection of the fin height, fin thickness, and 
fin spacing for producing the most efficient 
heat transfer requires consideration of a 

35 number of factors other than a simple in- 
crease in external surface area of the tube. 

In considering overall efficiency of the tube 
in effecting transfer of heat from the steam to 
the condensing water within the tube, it is of 

40 course essential to consider the heat transfer 
characteristics at the inside surface of the 

[; — _ 



tube. The transfer of heat through the 
inner surface of the tube can be increased in 
the first place by increasing the area per unit 
length of the inner surface of the tube, and 45 
in the second place by increasing the turbu- 
lence level inside the tube with no increase 
in volumetric quantity flow. 

From practical considerations the deforma- 
tion of the inner surface of the tube will be 50 
in large part controlled by the fin structure 
provided on the exterior surface of the tube. 
Thus, fins may be provided which are annular 
and a multiplicity of separate fins may be 
provided. Alternatively, one or more helical 55 
fins may be provided with the adjacent con- 
volutions thereof spaced in accordance with 
requirements which will be discussed herein- 
after. In any case, where an outstanding 
extending fin is provided on the exterior 60 
surface of the tube there will be an opposed 
corresponding groove or channel at the in- 
terior surface of the tube. The groove or 
channel will of course have a pitch corre- 
sponding to that of the fin. However, the 65 
groove or channel and the resultant raised 
ridges intermediate the grooves or channels 
may vary somewhat as to mean thickness of 
the ridge, mean width of the groove or 
channel (or the spacing between adjacent 70 
ridges or convolutions thereof), and the 
mean height of the ridges. 

Although in an actual tube, the fins may 
have somewhat different cross-sectional 
shapes, the heat transfer effectiveness of the 75 
tube may be determined by calculations 
based upon the assumption that the external 
fins are of rectangular cross-section. It is 
also assumed herein that the height of the 
ridges at the inner surface of the tubes, as 80 
measured between the crest of a ridge and 
the bottom of the adjacent grooves or 
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channels is substantial, for example not less 
than 25% of the height of the external fms. 
In any case of course, it should not exceed 
the height of the external fins. For con- 
5 venience in calculation the internal ridges 
are assumed to be of semi-circular cross- 
section, but results will not be substantially 
different if the internal ridges have different 
shapes as specifically disclosed herein. 
10 It has been found that the optimum tube 
shape depends among other things on the 
pressure in the condenser. At high vacuum 
conditions, in general a larger fin height to 
fin spacing ratio (S fR) is desirable. 
15 According to the present invention there 
is provided a single wall metal tube for use 
in a steam condenser adapted to have cooling 
water circulated therethrough to condense 
steam on its exterior surface, said tube having 
20 at its inner surface a multiplicity of uniformly 
axially spaced generally circumferentially 
extending ridge portions separated by grooves 
or channel portions, the ridge portions having 
an axial spacing at least three, and preferably 
25 as much as five, times as great as the radial 
height thereof, the internal ridge portions 
having a height of .010 — .030 inches and an 
axial spacing of .05 — .16 inches. 

For a better understanding of the present 
30 invention and to show how the same may be 
carried into effect, reference will now be 
made, by way of example, to the accompany- 
ing drawings, in which : — 

Figure 1 is a fragmentary axial section of 
35 a finned water tube. 

Figures 2 and 3 are views similar to Figure 
1, illustrating variations in the shape of the 
inner tube surface. 

Figure 4 is a fragmentary section of a tube 
40 to which are applied various dimensional 
identifying letters used in calculations herein. 

Figures 5a, 5b, 5c and 5d are graphs show- 
ing the effect of variation in number of fins 
per inch in the effective external tube area. 
45 Figure 6 is a graph showing the effect of 
spacing of internal ridges on the heat transfer 
coefficient of the internal tube surface. 

Figures 7a, 7b, 7c, 7d and 7b are graphs 
showing variations in the overall resistance 
50 factor of the tube as influenced by the space- 
height ratio of the external fins. 

Figures 8a and 8b are graphs, showing the 
proper space-height ratio for different tube 
designs for most efficient overall operation. 
55 Figures 9 — 14 are enlarged fragmentary 
sectional views showing a variety of speci- 
fically different tube designs. 

In commercial steam condensers, cold 
water is passed through tubes and steam is 
60 condensed on the outside surface of the tubes. 
The performance of steam condensers, as 
measured by the heat transfer rate per unit 
length of tubing, depends on a number of 
factors including the tube configuration. 
65 This discussion concerns tube configura- 



tion as it effects the tube surface area and 
the turbulence of the coolant fluid. Heat 
transfer performance usually is improved by 
increasing the tube surface area and by 
increasing turbulence in the fluids involved. 70 
However, it will be shown that the processes 
which are usually thought to improve tube 
performance can actually be deleterious under 
some circumstances and that there is an 
optimum in the general sense. 75 

Basic Heat Transfer Eelatiomhips. 

The basic relationship governing heat 
transfer in condensers may be written 



Q 

TD 

Q 



(l) 



h 0 A o M-i 



where is the heat transfer rate per mean 80 

TD temperature difference for a 
tube of unit length, Q being the 
quantity of heat transfer and 
TD being the temperature differ- 
ence between the two fluids ; 85 
7i 0 is the heat transfer coefficient at 

the tube outer surface ; 
h i is the heat transfer coefficient at 

the tube inner surface ; 
A 0 is the tube external surface area 90 

per unit length ; 
Ai is the tube internal surface area 

per unit length ; and 
r is a factor which includes the 

resistance to heat transfer of the 95 
tube metal and of any dirt or 
scale which may be deposited on 
the tube. 

The factor r is fixed by the condenser 
service conditions including operating pres- 
sure, operating temperature, and cleanliness 
of the fluids involved. As a result, this factor 
may not be varied at will, and it may be 
considered a constant independent of tube 
configuration. 105 

The factors 1 /h 0 Ao and 1 /hiAi do depend 
on tube configuration. These factors may 
be thought of as resistances to heat transfer 
which should be minimized. 

External Tube Performance. 110 

In steam condensing, liquid condensate is 
formed on the outer surface of the heat 
transfer tube. This liquid condensate may 
be retained on the tube suiface by surface 
tension effects where it acts to a large degree 115 
as an insulator. 

If the fins on an extended surface tubing 
are relatively close together the surface may 
be completely covered with liquid except at 
the maximum fin periphery. This conden- 120 
sate retention is referred to in the heat 
transfer industry as c; flooding." 
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The water tubes in the steam condenser 
will of course be positioned horizontally or 
substantially horizontally so that condensate 
formed on the exterior surfaces of the tubes 

o and particularly between the fins thereof, 
may most readily drain off the tubes. Under 
certain circumstances condensate may flow 
to the lower portion of the space between 
adjacent fins or convolutions of fins and be 

10 retained therein in a generally arcuate zone 
subtending an angle having its apex at the 
centre of the tube. 

The fraction of the surface which is covered 
by liquid can be calculated by a simple force 

15 balance. As an illustration, consider the case 
of condensate retention between the fins with 
rectangular cross-section as shown at the 
bottom of Figure 4. By a force balance, it 
can easily be shown that 



20 



a 8 1 r-2D 0 - D r + S~| 

sin a d g L.P0 2 - D r 2 ) Sj 

where a is one-half the angle subtended by 
the arcuate zone of liquid be- 
tween the fins ; 
d is the density of the condensate ; 
25 t is the surface tension of the con- 

densate ; 

g is the acceleration due to gravity ; 
D 0 is the fin outer diameter ; 
D r is the fin root diameter ; and 
30 S is the space between fins in the 

direction of the tube axis. 

Suppose a tube is of constant dimensions 
except for S, the space between fins. For 
large S r no liquid is retained between the fins. 

35 As S is reduced, a will increase until 
a=7c radians (or a=180°) at which point 
liquid completely fills the space between the 
fins. At any spacing ajiz is the fraction of 
the surface area (excluding fin tip area) 

40 which is occluded by condensate. 

In computing the heat transfer resistance, 
the liquid retention effect must be taken into 
account. As was mentioned earlier, the 
external resistance is given by 1 /JiqAq. To 

45 account for liquid retention, A 0 will bo re- 
placed by A e which is defined to be the 
effective surface area, the surface area not 
occluded by condensate. 

Effective surface areas have been caculated 

-50 for tubes of several different dimensions as 
shown in Figure 5. Conclusions which may 
be drawn from these calculations include : — 
1 . The effective heat transfer surface area 
increases linearly with increasing number of 

55 fins per inch only up to the point of incipient 
liquid retention. The effective surface area 
decreases rapidly beyond this point because 
of liquid retention despite the fact that the 
total surface area is increasing. 
•60 2. An effective area near the maximum 



is obtained for only a vory avrow region of 
fin spacing in all cases of Jninch fin hoight. 
For lower fin heights, the maximum becomes 
more nearly flat so that fin spacing becomes 
a less crucial variable. 65 

Internal Tube Performznce. 

It is well known that turbulence in a fluid 
stream flowing in a tube promotes heat 
transfer. It is also known taat transverse 
curvature of the tube wall (or transverse 70 
internal ridges) will cause higher turbulence 
than would be expected from a smooth, 
cylindrical tube. Transverse curvature of 
an inner tube wall has the additional im- 
portant effect of increasing the surface area 75 
per unit length for heat transfer over that of 
a smooth, cylindrical tube. However, as 
will be discussed below, the heat transfer 
performance of a tube is not increased in- 
definitely by indefinitely increasing the 80 
number of transverse ridges. There is an 
optimum beyond which increasing the num- 
ber of transverse ridges is deleterious. 

As an illustration, consider internal trans- 
verse ridges of semi-circular cross-section as 85 
indicated at 18 in Figure 4. If the ridges 
are a great distance apart the tube will tend 
to perform as a plain tube. As the ridge 
spacing is reduced, turbulence in the flowing 
stream is increased which in turn increases 90 
the heat transfer coefficient. However, when 
the ridge spacing is sufficiently reduced, 
circulation of the fluid between the ridges is 
hindered and the ridges become less effective. 
The fluid between the ridges becomes esssn- 95 
tially stagnant. In the limit, if the ridges 
are such that no space at all exists between 
them, the inner tube surface is once again a 
plain surface. In short, there is a point of 
maximum performance with respect to 100 
ridge spacing. 

The effect of ridge spacing on performance 
has been investigated experimentally. Figure 
6 shows the ratio Aihi/(A\k\) p , where the 
subscript p denotes a tube having a plain 105 
interior surface, as a function of the ridge 
spacing to height ratio. The conclusions 
from this work include : — 

1. The performance ratio, Ai&i/(Ai/ii) p , 

is as much as 3.6 at the maximum point. 110 
That is to say, an internally ridged tube may 
have less internal resistance to heat transfer 
than a plain tube by the factor .36. 

2 . The Reynolds' number of the fluid does 
not have much effect on the performance 115 
ratio, at least in the range of practical 
importance. This statement is equivalent 

to saying the performance ratio is approxi- 
mately independent of fluid bulk velocity or 
viscosity. It is understood that the plain 120 
and internally ridged tubes are compared at 
the same fluid bulk velocity and viscosity. 

Optimum Tubing. 

Consider tubing which has circumferential 
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external fins and internal ridges. The fins 
and ridges discussed here are understood to 
be at least partly transverse. That is to 
say that strictly longitudinal fins and ridges 
5 are excluded, whereas helical and strictly 
transverse fins and ridges are included. 

For convenience, the resistance due to the 
external coefficient h Q and internal coefficient 
hi, as indicated in equation (1) will be com- 
10 bined to give the heat transfer resistance R 
which is dependent on tube configuration : — 



R 



+ 



(3) 



Equation (3) may be multiplied by (AiAj) p 
to give 

(Aifti)p (Aifti)p 
15 Ri = R(Aifci) p = + (4) 



A e h 0 



Aiki 



The optimum tube is clearly one for which 
B 1 is a mi nimum . The quantities (Aih() p / 
Afii and A e /Ai) p can be evaluated for any 
given tube by the methods discussed above. 

20 The factor (Ai) p /A 0 may be taken to be a 
constant independent of tube configuration. 
This ratio (hi) p /k 0 is usually of the order of 
2/3 for steam condensing. However, it 
also depends on the many condenser design 

25 and operating variables other than tube 
configuration. 

Values of R l have been computed for a 
number of tubes as shown in Figures 7A to 
7E. The values were computed for 

30 Ai) p IK = 1, and for (hi) p fh 0 = 0.5 to cover 
the practical Tange. Note that m each case 
there is a minimum R 1 at some value of fin 
spacing to fin height ratio (S/H). The 
optimum cannot be expected to be attained 

35 exactly in commercial practice. For this 
reason, an tc optimum range " will be con- 
sidered. The optimum range of S /H ratios 
is defined to be the region of S /H values for 
a given tube configuration where R 1 is 

40 within ten per cent of the minimum R 1 . 

In Figures 7A to 7E it will be observed 
that the several different curves are drawn 
for different values of fin thickness of T and 
H. In each of these curves there is included 

45 a cross-section of a fin having the assumed 
dimensions of height and thickness. 

The optimum range of S/H ratios is pre- 
sented in Figures 8A and 8B as a function 
of tube configuration variables. A single 

50 lower line represents the minimum limit of 
S/H values in the optimum range. The 
upper limit of optimum S/H is represented 
by a family of lines since the upper limit 
varies with tube diameter and fin thickness 

55 as well as with fin height. 

The following conclusions may be stated : 
1. For steam condensing, tubing with 
both internal and external extended surface 



is more effective than plain, smooth tubing. 

2. There is an optimum range with respect 60 
to fin spacing and ridge spacing where tube 
performance is near the maximum. 

3. The fin and ridge spacing to height 
ratio must always exceed 0.35 for optimum 
performance. 65 

4. The fin and ridge spacing to height 
ratio must be less than some upper limit for 
optimum performance. This upper limit is 
given graphically in Figures 8 A and 8B. 

° Referring now to Figure 4 there is shown 70 
a tube 10 having an outside or fin root 
diameter D r , and an outside diameter D Q 
measured to the outside of the fins 12. The 
outside fins 12 have a mean width or thick- 
ness dimension T and a mean height H. The 75 
space 14 between adjacent fins or convolu- 
tions of fins has the dimension S. In this 
Figure the grooves or channels 16 at the 
inner surface of the tube 10 are separated 
by the ridges IS which as will be apparent 80 
from the Figure are opposite the spaces 14 
between adjacent fins 12. 

As shown in Figure 1, the tube herein 
designated 20 is provided with fins 22 whose 
thickness is substantially equal to the width 85 
of the space 24 between adjacent fins. At 
the inner surface of the tube the grooves or 
channels 26 are denned by the inter-section 
between convexly curved ridges 28. 

In Figure 2, while the external fins 22 and 90 
spaces 24 are as shown in Figure 1, the inner 
grooves or channels 36 are associated with 
the intermediate ridges 38 in such a way 
that a smooth continuous undulating interior 
surface is obtained. ^° 

Tn Figure 3, while again the fins 22 and 
spaces 24 are as shown in Figure 1, the 
grooves or channels 46 formed between the 
adjacent ridges 48 are relatively wider and 
have flat bottom portions 49 blending 100 
smoothly into the side surfaces of the 
ridges 48. In addition, the crests of the 
ridges 48 are shown as flat, a condition which 
results from carrying out the exterior finning 
operation with a cylindrical mandrel within 105 
the tube. By this operation accurate control 
of the final inside tube diameter is maintained. 

The tube structure indicated in Figures 1, 
2 and 3 are more or less diagrammatic and 
illustrate assumed or theoretical shapes. HO- 

Referring now to Figures 9 — 14 there are 
shown some actual cross-sections of con- 
denser tubes which have been given practical 
tests in water tube steam condensers. 

In Figures 11 and 12 the various dimen- 115 
sions of the tube have been designated by 
the symbols which are identified below : — 

D 0 Outside diameter measured at fin 
crests. 

D r Outside root diameter measured at 120 
the bottoms of the spaces between 
adjacent fins. 
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D t max Maximum internal diameter meas- 
ured at the bottoms of the grooves 
or channels between adjacent in- 
ternal ridges. 
5 Di min Minimum internal diameter measured 
at the crests of the internal ridges. 

S 0 Spacing between adjacent external 
fins. 

T 0 Thickness of external fins. 







Figure 9 


Figure 10 




D 0 ./ 


0.617 


0.617 


20 


D r .. * 


0.566 


0.566 




Dimax 


0.502 


0.502 




Dimin 


0.471 


0.471 




So . 


0.056 


0.056 




T 0 .. 


0.161 


0.070 


25 


H 0 .. 


0.0252 


0.0252 




H t .. 


0.015 


0.015 




fpi 


4.85 


4.85 




St .. 


0.154 


0.085 




Ti 


0.042 


0.042 


30 


S 0 /H 0 


2.24 


2.24 



It will be noted that the ratio S 0 /H Q varies 
from approximately 2.3 for the tube shown 
in Figure 12, to 1.2 for the tube shown in 
Figure 11. The tubes having the higher 

35 S 0 /H 0 ratios are particularly efficient under 
relatively high vacuum conditions. The 
tube of Figure 9, for example, was operated 
at 1 .0 p.s.i.a. and gave substantially improved 
results as compared to the tube shown in 

40 Figure 12. On the other hand, under 
elevated pressure conditions such for example 
as 5.0 p.s.i.g., the tube of Figure 10 proved 
more efficient than the tube shown in 
Figure 9. 

45 In all of the practical tubes shown in 
Figures 9 — 14 it will be observed that the 
internal groove or channel and ridge forma- 
tion is such as will be produced by the 
formation of the external fins by tubular fin 

50 rolling. As a consequence, the average 
number of external fins per inch is of course 
the same as the average number of internal 
ridges per inch. 

In the tabulated values for the several 

55 tube characteristics set forth above, it will of 
course be appreciated that there may be 
some variation in determining some of the 
dimensions. For example, in Figure 9 the 
dimension S 0 may be measured from points 

60 spaced outwardly from the upper corners of 
the fins, as is also the dimension T D . The 
average or mean fin spacing may therefore 
vary somewhat from the indicated value, 
and the values given are thus not precise. 

65 An analysis of the shapes of the several 
different practical fin constructions indicates 
that for high vacuum condensers the S 0 /H o 
ratio should be greater than 1.0 and prefer- 



H 0 Height of external fins. 10 
Hi Height of internal ridges. 
fpi Fins per inch. 
Si Space between internal ridges. 
Ti Thickness of internal ridges. 
So/Ho Ratio of fins spacing to fin height. 15 
The fins of Figures 9 — 14 have dimensions 
a3 set forth in the following tabulation : — 



Figure 12 


Figure 13 


Figure 14 


0.7180 


0.7226 


0.7181 


0.646 


0.632 


0.644 


0.5427 


0.5707 


0.5453 


0.5141 


0.5191 


0.5168 


0.0831 


0.0802 


0.0837 


0.0659 


0.1154 


0.0638 


0.036 


0.045 


0.037 


0.0143 


0.0258 


0.0142 


6.7 


5.1 


6.8 


0.0608 


0.088 


0.0569 


0.0881 


0.1076 


0.0906 


2.32 


1.78 


2.26 



ably between 1.0 and 3.0. In high pressure 
condensers, however, this ratio may safely 70 
approach the previously described lower 
limit of 0.35. 

The tubes having the wall configuration 
illustrated in Figures 9, 10, 13 and 14 appear 
to be the most efficient when employed as 75 
water tube steam condensers. From the 
table above it will be observed that the 
approximate range of dimensions for tbea© 
tubes is as follows : — 

Mean space So between adj aoent 80 
external fins . . . . . . .05— .09* 

External fin height Ho . . .025 — .045' 

Internal ridge thickness T 0 . . .04 — .110' 

Mean channel or groove width 

Si between internal ridges . . .05 — .16" 85 

Internal ridge height Hi .. .010— .030* 

The drawings and the foregoing Specifica- 
tion constitute a description of the improved 
finned condenser tube in such full, clear, 
concise and exact terms as to enable any 90 
person skilled in the art to practice the 
invention, the scope of which is indicated by 
the appended claims. 

WHAT WE CLAIM IS :— 

1. A single wall metal tube for use in a 95 
steam condenser adapted to have coolhv* 
water circulated therethrough to condense 
steam on its exterior surface, said tube 
having at its inner surface a multiplicity of 
uniformly axially spaced generally ciroum- 100 
ferentially extending ridge portions separated 
by grooves or channel portions, the ridge 
portions having an axial spacing at least 



Figure 11 



0.613 

0.473 

0.437 

0.376 

0.078 

0.075 

0.070 

0.030 

6.65 

0.095 

0.058 

1.16 
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three, and preferably as much as five, times 
as great as the radial . height thereof, the 
internal ridge portions having a height of 
.010 — .030 inches and an axial spacing of 
5 .05 — .16 inches. 
- ~ 2. A tube as claimed in Claim 1, wherein 
the exterior surface of the tube has out- 
wardly projecting fin portions in substantial 
alignment with the internal groove or channel 
10 portions therein. 

3. A tube as claimed in Claim 2, wherein 
_the external fin portions have a height of 
~~\025 — .045 inches and an axial spacing of 
.05 — .09 inches. 



4. A tube for use in a steam condenser, 15 
the tube being substantially as hereinbefore 
described with reference to Figures 9, 10, 13 

or 14 of the accompanying drawings, 

5. A water tube steam condenser pro- 
vided with a multiplicity of parallel tubes 20 
constructed as defined in any preceding 
claim. 

HASELTESTE, LAKE & CO., 

Chartered Patent Agents, 

28 Southampton Buildings, 
Chancery Lane, London, W.C.2, 

Agents for the Applicants. 
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